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© Disclosed is a spot-weldable sheet adhesive comprising a composition containing an epoxy resin compo- 
nent, a hardening agent, a foaming agent and a needle electroconductive filler and optionally additionally 
containing a synthetic rubber component. The sheet adhesive has excellent adhesiveness, sealing property, 
(^easy handlabiiity and durability. ^''^ 
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SPOT-WELDABLE SHEET ADHESIVE 



FIELD OF THE INVENTION 



The present Invention relates to a spol-weldable sheet adhesive which is used for adhesion of nnetal 
5 parts of bodies of cars, airplanes or ships as well as electric applicances and other various instruments. 



BACKGROUND OF THE INVENTION 

10 

in general, nnetal structures are constructed by welding and integrating the previously shaped parts. For 
instance, in construction of a car body, the hemming part of door is welded to the panel essentially by spot- 
welding. In the case, an adhesive may optionally be employed for welding. 

As the adhesive to be used for the purpose, there are a liquid adhesive and a sheet adhesive. It is 
15 known that an electroconductive filler-containing sheet adhesive is employed from the viewpoint of the 
advantageous operatability and for the purpose of preventing the adhesive from dripping or flowing down, 
(For instance, refer to Japanese Patent Application Laid-Open No, 60-173075), 

However, where the clearance between the metal parts to be welded is larger than the thickness of the 
sheet adhesive to be used for welidng the parts, there often occurs a problem that the adhesive could not 
20 adhere well to the both parts so that it could not display satisfactory adhering function and sealing function. 



SUMMARY OF THE INVENTION 



The present invention has been effected for the purpose of overcoming the said problem and it 
provides a spot-weldable adhesive sheet having excellent adhesiveness, sealing property, handlabillty and 
durability. 

Specifically, the present invention provides a spot-weldable sheet adhesive comprising a composition 
30 containing an epoxy resin component, a hardening agent, a foaming agent and a needle electroconductive 
filler. 

As one preferred embodiment of the present invention, the spot-weldable sheet adhesive further 
contains a synthetic rubber component. 

35 

BRIEF EXPLANATION OF THE DRAWING 



The drawing is a sectional view of one embodiment of the sheet adhesive of the present invention 
40 where a release film has been laminated on both surfaces of the adhesive sheet. 

(1) IS an adhesive composition, (la) is a needle electroconductive filler, and (2) is a release film. 



DETAILED DESCRIPTION OF THE INVENTION 

45 

The epoxy resin component for use in the present invention includes, for example, glycidyl ether type, 
glyciayl ester type, glycidyl amine type, linear aliphatic epoxide type and alicyclic epoxide type epoxy 
resins. Such epoxy resins generally have a number average molecuair weight of from 200 to 6000 and an 
50 epoxy equivalent of from 100 to 5000. 

Especially preferably, a high molecular thermoplastic resin to be derived from bisphenol A and 
epichlorohydrin is incorporated into the said epoxy resin for use in the present invention. By incorporation of 
such high molecular thermoplastic resin, the resulting resin composition is to have an elevated cohesive 
force, a flexible property and an excellent sheet-forming capacity. The high molecular thermoplastic resin as 
referred to herein means a thermoplastic resin having a number average molecular weight of at least 10,000 
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or more, which is, for example, a phenoxy resin and the lil<e. 

The proportion of the said thermoplastic resin to be incorporated is from 5 to 150 parts by weight, 
preferably from 20 to 80 parts by weight, to 100 parts by weight of epoxy resin. By limiting the proportion 
of the thermoplastic resin within the said range, the effect of the thermoplastic resin may well be attained 

5 without interfering with the excellent characteristic of the epoxy resin. 

As the hardening agent, those which are stable at room temperature and are active even at a high 
temperature are employed. In particular, nitrogen-containing substances which are decomposed at a high 
temperature to give an at least one active hydrogen-containing amine, such as monoureas. polyureas, 
hydrazides or thioureas, are preferably employed. For example, there are mentioned 3-{p-chlorophenyl)-1 ,1- 

10 dimethylurea. 2,4-bjs(N,N-dimethylcarbamldo)toluene and dicyandiamide. Needless to say, other hardening 
agents such as acid anhydrides, imidazoles or imidazolines may also be employed. If desired, a hardening 
accelerator may also be used. 

The amount of the hardening agent to be incorporated into the composition of the present invention 
varies, depending upon the kind of the hardening agent as well as the condition of using the sheet adhesive 

15 to be derived from the composition. Generally, it is from 0.5 to 130 parts by weight, preferably from 5 to 50 
parts by weight, to 100 parts by weight of the epoxy resin component. 

The foaming agent to be incorporated into the composition of the present invention is one to foam 
under heat to display the adhering function and additionally the sealing function for welding the metal parts 
to each other. The agent is not specifically limited but may be anyone which may foam at the time when 

20 the adhesive is heated and hardened. Specifically, the foaming agent includes substances which generates 
a gaseous material by chemical reaction, for example azo compounds such as azodicarbonamide or 
azobisisobutyronltrile, nitroso compounds such as dinitrosopentamethylenetetramlne and hydrazide com- 
pounds such as paratoluenesulfonylhydrazide, as well as microcapsules containing a low boiling point 
hydrocarbon as a foaming component. 

25 The said agents may be employed singly or as a mixture thereof, and if desired, a foaming aid such as 
urea or a metal salt of a carboxyiic acid may also be employed together with the said foaming agent. 

The amount of the foaming ■ agent to b© incorporated into the composition of the present invention 
varies, depending upon the kind thereof. Generally, it is from 0.1 to 5 parts by weight or so to 100 parts by 
weight of the epoxy resin component, and it is to be so adjusted that the foaming magnification may be 

30 from 1.1 to 3.0 times, preferably from 1.2 to 2.0 times. By limiting the foaming magnification within the said 
range, the adhesive of the present invention can sufficiently display the sealing function without interfering 
with the adhering function thereof. It Is desired that the adhesive may have a closed-cellular structure, after 
foamed, in view of the sealing property of itself. 

In accordance with the present invention, the needle electroconductive filler is added to the composition 

35 for the purpose of improving the spot-weldability of the resulting adhesive. Accordingly, the material is 
desired to have an electroconductivity and may be melted and integrated with the metal parts to be welded. 
For instance, there are mentioned various metals of Fe. Cu, Zn, Pb or Al and alloys of such metals. 

As the preferred size of such needle electroconductive filler, the mean diameter is preferably from 5 to 
100 am and the aspect ratio is from 10 to 100, and more preferably, the mean diameter is from 10 to 50 

40 urn and the aspect ratio is from 40 to 70. The mean diameter as referred to herein Indicates a mean value 
of the thickness of needles of the filler: and the aspect ratio indicates the ratio obtained by dividing the 
length by the thickness. By limiting the mean diameter and the aspect ratio within the said ranges, a 
desired thickness can be obtained by the overlapped filler needles and a better weldability can therefore be 
obtained without lowering the dispersibility of the filler in the resin and without lowenng the easy 

45 operatability of the resulting adhesive. 

The needle filler as referred to herein indicates that the filler is in a needle-like or rod-like form as a 
kind of the shape of fibers. It is linear and may always maintain the same linear form because of the rigitidy 
of itself. However, the needle-shape of the filler may be somewhat curved and the surface of the needle 
filler may be somewhat rough. The cross section of the needle filler may be anyone of circle, oval or 

50 rectangle. 

By incorporating the needle electroconductive filler and not any other spherical or mica-like filler, an 
excellent spot-weldability can be attained. This is because the filler needles most overlap with each other in 
the spot-welded part, as compared with any other fillers having the same volume but a different shape, and 
therefore the highest weldability can be obtained when an electric current is applied to the overlapped filler 
55 needles. 

Although varying in accordance with the aspect ration of the needle electroconductive filler, the 
proportion of the filler to be incorporated into the adhesive composition of the present invention is generally 
from 10 to 70 % by weight, preferably from 20 to 50 % by weight. By limiting the proportion of the filler 
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within the said range, a better spot-weldability can be attained without interfering with the excellent 
characterisitc of the epoxy resin itself. 

As a preferred embodiment of the present invention, the adhesive composition may further contain a 
synthetic rubber component. As examples of the synthetic rubber component, there are mentioned (1) a 
5 synthetic rubber such as isoprene rubber, butadiene rubber or chloroprene rubber, (2) a copolymer rubber 
such as butyl rubber, styrene-butadlene rubber or acrylonitrile-butadiene rubber, (3) a reactive rubber 
formed by adding a functional group which reacts with the epoxy group of epoxy resins, such as carboxyl 
group or amino group, to the above-mentioned (1) or (2). and (4) a reactive rubber formed by adding an 
epoxy group to the above-mentioned (1) or (2). These rubber components can be employed singly or as a 
10 mixture of two or more of them. Using the above-mentioned reactive rubber (3). an epoxy resin may be 
modified and the resulting rubber-modified epoxy resin may also be employed in the present invention. The 
above-mentioned reactive rubber (4) can be reacted with an epoxy resin-hardening agent. 

By incorporation of such rubber component into the adhesive composition of the present invention, the 
initial adhesiveness of the composition, before hardened, increases so that the sheet adhesive may well be 
15 applied to the parts to be welded more firmly, especially to oil-coated steel sheets, and additionally the 
sheet-forming capacity is improved. Furthermore, the adhesion durability after hardened, esepcially impact- 
resistance of the hardened adhesive is improved. 

The proportion of the synthetic rubber component to the above-mentioned epoxy resin is from 5 to 200 
parts by weight, preferably from 10 to 80 parts by weight, of the synthetic rubber component to 100 parts 
20 by weight of the epoxy resin. By limiting the proportion within the said range, the effect of the synthetic 
rubber component can sufficiently be attained without interfering with the excellent characteristic of the 
epoxy resin itself. 

In addition to the above-mentioned components, the composition for the sheet adhesive of the present 
invention may further contain, if desired, a filler such as calcium carbonate powder or metal powder as well 
25 as an antioxidant, a dripping inhibitor and a colorant. 

The composition for the sheet adhesive of the present invention preferably has a viscosity of from 5 x 
10" to 5 X 10^ ps, especially preferably from 2 x 10^ to 3 x 10^ ps, at 30* C, for the purpose of satisfactorily 
expressing the excellent removability from the release film, which is mentioned hereunder, when formed 
into a sheet, or expressing the excellent spot-weldability. 
30 For preparing the sheet adhesive of the present invention, the above-mentioned components are first 
blended in a mixing and stirnng container or various kneaders or with a mixing roll or the like, at room 
temperature or a temperature not causing hardening and foaming (slight hardening and foaming would be 
acceptable) to obtain a resin composition, and then the composition is shaped into a sheet with coaters 
such as roll coater or knife coater or by various compression shaping or extrusion moulding machines. 
35 The thickness of the thus prepared sheet adhesive of the present invention is not specifically limited but 
it may be from 0.2 to 4 mm or so, generally from 0.5 to 1 .5 mm or so. 

In accordance with the object and use, the sheet n^ay be punched into any desired shape, if desired. 

Further, a release film may optionally be laminated on one or both surfaces of the said sheet. 

The release film is not specifically limited provided that it has a release effect, but preferably a silicone 
40 treated paper . or a silicone treated plastic film or fluorine resin sheet can be employed. 

For the purpose of more improving the sheet-forming capacity, the said composition may be laminated 
on one or both surfaces of a pertinent base. As tne base to be used for the purpose, a metallic net, strip, 
plate or porous plate is preferably employed so as not to lower the spot-weldabiiity of the resulting sheet 
adhesive. 

45 The sheet adhesive of the present invention has vancus advantages. Specifically, it has an excellent 
spot-weldability as containing the needle electroconductive filler and it has excellent adhesiveness and 
sealing property and can be handled with ease as contianing the foaming agent. In addition, the sheet 
adhesive of the present invention has further advantages of excellent adhesiveness to the parts to be 
welded, excellent sheet-forming capacity and high adhesion durability, when it contains a rubber compo- 
se nent. 

The following examples are intended to illustrate the present invention in more detail but not to limit it in 
any way. 



55 EXAMPLES TO 3: 

Various adhesive compositions each having the components indicated in Table below were prepared. 
Specifically, (a) and (b) were first melted in a melting container at 18Q' C for 2 hours, and then (e), (f) and 
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(g) were added thereto at 80° C and further kneaded for 1 hour. Next, (h) and (i) were added and kneaded 
further to obtain a composition. 



5 EXAMPLE 4: 

An adhesive composition having the components indicated in Table below was prepared. Specifically, 
(a) and (b) were first melted in a melting container at 180° C for 2 hours and then (c) was added thereto at 
60 °C and stirred for further 1 hour. Next. (e). (f) and (g) were added and kneaded for about 1 hour at 80° C 
!0 and then (h) and (i) were added and further kneaded for 5 to 10 minutes to obtain a composition. 



EXAMPLE 5. 

(5 80 parts by weight of novolak epoxy resin having an epoxy equivalent of about 180 and a number 
average molecular weight of about 370 and 20 parts by weight of carboxyl group-containing acrylonitrile- 
butadiene copolymer having a number average molecular weight of 3400, an average number of carboxyl 
groups of 1.9 and an acrylonitrile content of 18 % were reacted in a melting container at 140° C for 2 hours 
to obtain a rubber-modified epoxy resin (d) (epoxy equivalent: 235 to 245). 

20 First, (a) and (b) were melted in the same manner as in Example 1 and then the above-mentioned 
rubber-modified epoxy resin (d) was added thereto and stirred at 80 ° C for 1 hour. Next, (e), (f), (g), (h) and 
(1) were added and kneaded in the same manner as in Example 1 , to obtain a composition. 



25 EXAMPLE 6: 

The rubber-modified epoxy resin (d) obtained in Example 5, (a) and (b) as melted in the same manner 
as In Example 4 and isoprene rubber (c) were stirred for 1 hour at BO'C, and then (e), (f). (g), (h) and (i) 
were added thereto and kneaded in the same manner as in Example 4. to obtain a composition. 
30 Each of the thus prepared compositions was heated at lOO'C and formed Into a 0.5 mm thick sheet 
adhesive with a roll coater. 

The viscosity, initial adhesiveness and spot-weldability of the sheet adhesive, as well as the shearing 
adhesion power, foamed magnification and adhesion durability thereof, after heated and hardened, were 
evaluated by the methods mentinoned below. The results obtained are shown in Table below. 

35 

(1) Viscosity: 

Using a capillary reometer. the viscosity was measured at 30° C. 



(2) Initial Adhesiveness: 

A sheet adhesive sample having a width of 25 mm was stuck to a rust-inhibiting oil-coated SPCC-D 
45 steel plate. After 60 seconds, the sheet was peeled off with an angle of 180 degrees, whereupon the 
adhesion strength was referred to as the initial adhesiveness. 



(3) Spot-weldability: 

50 

The non-hardened test sample as prepared in (2) was subjected to spot-welding under the condition of 
a pressure of from 200 to 250 kg/cm^. a squeezing time of 0.5 second, an electric current charge of 10 KA 
and an electrically charged period of 0.2 second. 

55 

(4) Shear Adhesion: 

Two sheets of SPCC-D steel plate (100 x 25 x 1.6 mm) were stuck to each other with a 0.5 mm thick 
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sheet adhesive to prepare a test sample, whereupon the lapped length was 25 mm. The test sample was 
then heated and hardened at 1 80 ° C for 25 minutes. 

The test sample was subjected to a tensile test with a tensile tester whereupon it was tensed at room 
temperature at a tensing speed of 5 mm mm and the breaking strength was referred to as the shearing 
adhesion power. 



(5) Foamed Magnification: 

It was represented by the ratio of the thickness of the sheet adhesive after heated and foamed to the 

thickness of the non-foamed sheet adhesive. 



(6) Shear Adhesion Durability: 

The test sample as used in (4) for sneanng adhesion power test was stored under the condition 
mentioned below and the shearing adhesion power of the thus stored test sample was again checked for 
evaluation of the adhesion durability. 

(a) Stored for one month in a hot air-type drier at 80° C. 

(b) Stored for one month in a thermostat at 40 ° C and 98% RH. 
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Claims 

1. A spot-weldable sheet adhesive comprising a composition containing an epoxy resin component, a 
hardening agent, a foaming agent and a needle electroconductive filler. 

2. The spot-weldable sheet adhesive as claimed in claim 1 , in which the epoxy resin component is one 
containing a high molecular thermoplastic resin denved from bisphenol A and epichlorohydrin. 

3. The spot-weidable sheet adhesive as claimed in claim 1. which further contains a synthetic rubber 
component. 

4. The spot-weldable sheet adhesive as claimed in claim 1. which contains the foaming agent in such 
amount that the foamed magnification falls within the range of from 1.1 to 3 times. 

5. The spot-weldable sheet adhesive as claimed in claim 1. in which the needle electroconductive filler 
IS one having a mean diameter of from 5 to 100 urn and an aspect ratio of from 10 to 100. 

6. The spot-weldable sheet adhesive as claimed in claim 1 , in which the composition has a viscosity of 
from 5 X 10* to 5 X 10^ P at 30° C. 
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